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SUMMARY

The mission profiles and maintenance procedures relating to the TF30-P-412
engines have been investigated to find out whether an observed reduction in
engine usage was due to different aircraft missions or new flight procedures.

A survey of fleet squadron personnel revealed mission profiles are essentially
the same; however fewer air combat engagements and landing practices account for
the lower usage. The F~14A role is now more evenly distributed between air
combat and intercepts, while the total number of these missions remains constant.
A future advanced technology engine in this aircraft is likely to encounter
higher usage requirements if there are no throttle cycle restrictions.
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1.0 INTRODUCTION AND OBJECTIVE

The first thorough fleet survey of the F-14A fighter community was
performed in 1977 in conjunction with an effort to determine fighter and
attack training missions as well as establishing a duty cycle that would
be used for the F404 engine development test criteria. Results from
that survey were reported in reference (a).

Reference (b) tasked this Center to examine and update the F-14A
mission profiles for anticipated higher (or lower) consumption of TF30
engine spare parts. Specific components such as the combustor and high
pressure turbine have been redesigned to yield longer lives. Any change
in engine usage can affect these lives, and the peacetime missions will
provide the understanding of that change.

In addition, the Advanced Technology Engine Studies (ATES) reference
(c), are investigating conceptual designs for the F-14A replacement aircraft.
These systems must balance performance and durability requirements to yield
the lowest cost. Approximately 40% of current fighter propulsion system life
cycle costs (exclusive of fuel costs) are predominantly due to repair of hot
section parts. Gas turbine components have exhibited very short lives when
designed to an inaccurate duty cycle. Therefore, the duty cycle has to be
fully understood so that it may be factored into the design process and prevent
excess component life consumption.

2.0 BACKGROUND

The primary objective in 1977 was to identify and define those flight
procedures used in the fighter role, more specifically the training
missions. From those interviews a group of seven mission profiles shown
in figures 1-7 were constructed. They contained actual flight training
procedures used by Naval fighter squadron pilots who operate the F-14A/
TF30 weapon system. A test aircraft was flown on these missions with
the subsequent engine usage forming the basis of the 1977 TF30 duty
cycle. These data were sent via reference (d) to Pratt & Whitney and they
calculated the low cycle fatigue (LCF) life for the TF30 engine components.

In 1979, an LCF program was begun bv NATC to count throttle cvcles
on fighter aircraft, in particular the F-14A/TF30. At the same time,
a Fleet Fighter Loads Survey (FFLS) was sampling some engine data from four
aircraft in two west coast squadrons (VF51 and VF11l). Data from these
two sources as well as the 1977 survey are shown in Table I.

TABLE I. F-14A Engine Usage Comparison

Source Throttle Cycles Starts Hot Time (hrs.)
1977 Survey 7211 633 169
1979 FFLS 4201 638 107
1979 LCF 2690 584 90
1
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These statistics are based on 1000 hours of engine operating time. The
principal difference between the original data and the 1979 data is a decrease
in hot time and throttle cycles. It is believed that the LCF data is more
representative because it was sampled from six squadrons on each coast. How-
ever, these reductions suggest different operating procedures within the mission
profiles presertly flown in the F-14A. It is equally possible that a different
threat and new role has been initiated for the F-14A.

3.0 METHODOLOLGY

An intensive survey of F-14A squadrons was performed (from December 1981
to February 1982) to elicit details regarding their current mission profiles
and standard operating procedures used in-flight. The following topics were
discussed during each visit to NAS Miramar and NAS Oceana: mission or flight
profiles, maintenance check flights, ground trim runs, sortie frequency (mix),
aircraft configuration, store loading, tactical postures, NATOPS procedures
and restrictions, etc.

Each squadron and their respective powerplant maintenance shop provided
officers and enlisted personnel in support of the survey. They answered questions
freely and discussed topics to any degree required by the interview.

The replacement air group (RAG) squadron was also visited, primarilv for
the purpose of discussing pilot training. Here the new aviator gets his first
introduction to the basic flving qualities of the F-14A and finishes out his
formal training in air combat and carrier landings. His skills are generallv
increased afterward during later assignments to operational squadrons. The
RAG has a defined svllabus of sorties which was obtained. Table II lists the
squadrons by each location with the RAG heading each group.

TABLE II. Fighter Squadrons Visited by Location

NAS Miramar, CA NAS Oceana, VA
VF 124 VF 101
VF 51 VF 33
VF 111 VF 41
VF 114 VF 84
VF 213 VF 102

4.0 DISCUSSION OF SURVEY RESULTS

Mission profiles of the F-14A training syllabus have not changes in
content or number according to instructor pilots at both VF 124 and VF 101.
The missions flown in operational squadrons have not changed either, except
different names are used now compared to those identified in the 1977
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survey. Table III lists the 1977 survey profile categories and similar
profile categories from the recent survey side by side. Although several
categories have different names, most pilots agree that the basic profile
is similar and the objective of the sortie or the threat is no different
than before. For this reason, it was initially concluded that for the
same profile, different procedures must be taking place to account for
the observed reduction in usage.

TABLE III. TF30 Mission Profile Category Comparison

1977 Profile Category 1981 Profile Category
Familiarization Service

Instruments Low Level Navigation (LLN)
Conventional Weapons Gunnery (GUN)

Air Combat Maneuvers Air Combat Maneuvers (ACM)

Fight Intercept Air Intercept Control (AIC)

Field Carrier Landing Practice Field Carrier Landing Practice (FCLP)
Post Maintenance Check Flight Post Maintenance Check Flight (PMCF)
Combat Air Patrol Maritime Air Superioritv (MAS)

Trim Trim

Pilots were questioned about the present aircraft configuration, and asked
that they separate their responses according to whether they were based on land
or deployed on board a carrier. The land-based configuration was giveu as a
clean aircraft plus missile rails. On intercept missions in particuvliar they
cited an additional "dummy sidewinder' with no propellant but avionics to
support the aircraft radar and fire control systems.

In the case where the squadron was on deployment, pilots related additional
stores were carried. A typical loading included two drop tanks and six missiles
(usually 2 AIM-54, 2 AIM-7, 2 AIM-9). With this ordnance and fuel, the aircraft
gross takeoff weight exceeded 60,000 1bs. and therefore catapult takeoffs were
routinely done at maximum A/B thrust reference (e). The extra fuel in the drop
tanks was said to reduce the frequency of refueling on a typical CAP mission.
Pilots cited how well the TF30 could remain on station using internal fuel, and
drop tanks just made the mission that much easier to manage fuel.
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Refueling was identified in reference (f) as a major engine usage
driver. This is particularly true of all fighter aircraft that must manage
to remain aloft for the required carrier cycle time. Hence, the fewer refueling
occurances would support the reduced usage shown earlier.

Another segment of the profile that can affect usage was the cruise
legs. Generally speaking, in the training mission an aircraft is given
a full internal supply of fuel and thus the further a pilot has to go,
the less time he has to engage in air to air combat. To measure this
effect, pilots were asked to show on a navigation chart exactl: where thev
fly most often. The warning areas cited almost exclusively are shown in
figures 8 and 9. These ranges or areas have nearlv unlimited altitude and

airspeed boundaries. All air to air combat sorties use these areas;
fighters from Oceana flv to W-72 and W-386 while fighters at Miramar
use W-291.

The 1977 surveyed profiles contain an average time to the practice area
of 15-20 minutes. Distances to the midpoint of W-72, 386, and 291 were 90, 120
and 75 nautical miles respectively. Tvpical cruise speeds were said to be
about 300 knots true. With this velocity we can compute an approximate time
enroute to each practice area. Table IV contains each time and shows that
cruise legs would range from 15-24 minutes. These values agree very
closely with those estimated in the 1977 survev. Thus, the cruise segments
will continue to allow the same allotment of combat practice as the earlier
prefiles defined. Also it suggests that the combat segments mav be
characterized differentlyv now,

TABLE IV. Warning Area Cruise Time Summarv
To From Time (min.)
W-72 Oceana 18
W-386 Oceana 24
W-291 Miramar 15

Engine usage drivers in combat practice are the length of engagement,
the number of engagements and the number of practice landings that can bhe
done at the end of each flight. Similarlv, a mission like FCLP is also
a driver. Pilots were asked from each squadron interviewed, how manv
runs or engagements were typicallv performed. Their response was fairly
consistent. Also it was agreed that supersonic intercepts are indeed
practiced vet not too frequently - about one in ten.

The 1977 survey data were inspected for combat engagements and landing
practice. Table V shows the comparison of both survevs. A significant
decrease was observed in both the ACM and FCLP profile. These profiles
together were 267 of the 1977 mission mix and contributed most of the
throttle cycles shown in Table I. The reason we tend to neglect the
increase in engagements cited on the GUN sortie is that maneuvers flown
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during gunnery have fewer throttle cvcles per engagement and as such result
in @ much smaller contribution to the usage. For AIC the data was observed
to agree with the present pilot estimate. Pilots also cited a reticence for
large throttle chops (e.g. A/B to idle) because of the high probability

of an engine stall. This reasoning tends to substantiate that the typical
ACM sortie does not contain a high number of throttle cveles which would
correspondingly reduce the present TF30 usage. It must be mentioned that
pilots stated a preference for an engine which did not have this restriction.
This implies that an engine like the F101~-DFE would be exposed to a usage

closer to that shown in Table I for 1977 survey.

TABLE V. Number of Engagements and Landings Compared bv Survev Year

Mission Category 1977
ACM 6
AIC 6
GUN 9
FCLP 15

The mission mix was derived fror squadron records.

of data were summed to get 4 representiative mean.

1981

12

Several months
The results were then

compared to the 1977 survev in Table VI. Then we see meore intercept

and gunnery. Todav air combat and landing practice have increased their

percentages which overall presents a more even distribution of sorties

and flight hours. The sum of ACM & AIC are still very close which suggests

that no change to the fighter/intercept role has occured.

TABLE VI. Mission Mix Statistics by Year

Year ACM GUN AIC FCLP
1977 Survey 16% 10% 45% 10%
1981 Survey 207 % 367 14%

For each squadron visited, time was also spent at the powerplant mainten-
ance shop. Although these people do not fly the aircraft, they can run the
Ground runs are placed in
either of two categories - 'low power turns' or "trims"; a low power turn is
running the engine at idle to provide the avionics with electrical power and
the "trim" has a definite procedure described in reference (g).

engines through an appreciable amount of cvcles.

most of their time at high power especiallv when trouble shooting the augmen-
tor. Powerplant personnel, cited on a tvpical A/B check, burner lights were

attempted after fuel filter cleaning and flushing a half a dozen times.
every squadron related this "pilot gripe", i.e. afterburner failed to light.

PMCF

ar
/>

Ao

Trims spend
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Powerplant personnel stated they did a greater number of ''turns'" than "trims"
- about eight to one. Of the two remaining aircraft supporting the FFLS program,
one group of recorded tapes contained 667 of engine operating time due to ground
runs. The other tapes contain 32% of the time due to ground runs. These
statistics are not representative of the entire fighter community, but they
do reflect the impressions observed on the recent survey.

During these interviews, the same issues seemed to arise at every squadron:

(1) Pilots repeatedly cited the throttle restrictions currently
applied to the TF30 as a definite disadvantage in their tactical
scenario. They also pointed out that each RAG teaches (and justi-
fiablv) a healthy concern or respect for engine stalls resulting
from throttle bursts or chops.

(2) They frequently cited the low thrust to weight ratio of the
F-14A adversely affects survivability in ACM and AIC. For
equal tactical advantage this power plant requires maximum
A/B and the attendant fuel consumption penalty that minimizes
the chance to reengage. A/B is required to attain the most
favorable firing opportunity during intercepts at high altitudes
and thus becomes inconcistent with present techniques for
fuel management in the peacetime training regime.

(3) Thev continuallv praised the low power fuel consumption while
the aircrafr maintains it's CAP station. Any future engine
will be evaluated using this present capabilitv as the figure
of merit. Thev appreciated this fact vet when questioned about
the relative value of fuel consumption or thrust to weight to
their tactical posture, the united response was thrust was still
the prime ingredient for .. mpleting the fleet defense role of
intercepting incoming forces.

{4} Pilots often raised the question of engine smoke; because of the
smoke trail at dry power they usually select miauimum A/B to
reluce the alrcraft visibility during intercept practice.

5.0  CONCLUSIONS

Comparing the 1977 mission profiles to those obtained on recent visits
to NAS Miramar and NAS Oceana, the flight procedures during combat practice
have changed significantly while the basic profiles have not.

The mission mix of the F-14A is more evenly distributed between air
combat and intercept vet the total number of these missions remains the
sare.

An observed reduction in TF30 usage is most likely due to the combined
effect of a marked reduction in ACM engagements per mission, the attendant
throttle restrictions presently used in pilot training, and a lower number of
practice landings after flights such as ACM and during FCLP missions.
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"An implication from the lower engine usage is a correspondingly greater
engine life. This means fewer hot section parts will need repair or replace-
ment as well as fewer engine removals for cause (i.e. hot section distress).

We can deduce that any advanced technology engine, e.g. the F101-DFE,
would be subjected to a significantly higher usage because of the absence of
throttle restrictions. That higher usage should resemble the 1977 survey
figures previously showm.

Future advanced technology engines must be designed for the worst engine
usage to ensure that component lives are balanced with their performance.
The resulting system will therefore meet the threat with an associated
tactical advantage and at the same time be available and affordable for the
peacetime training environment.
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30 MINUTES WARMUP, MAXIMUM A/B TAKEOFF

CLIMB TO 2000 FEET AND LEVEL OFF AT INDICATED AIR SPEED OF 325
KNOTS, 3000 POUNDS/HOUR FOR 2 MINUTES

CLIMB TO 20,000-40,000 FEET AT MILITARY POWER, MACH = .68

CRUISE OUT, PARADE FORMATION, 90% RPM, 2500 POUNDS/HOUR FOR 10-15
MINUTES

ACROBATICS - LOOPS, ROLLS, NOSE HIGH RECOVERY ETC. INDICATED AIR
SPEED OF 250 KNOTS - MACH = 1.6, 10,000-35,000 FEET MILITARY POWER
TO MAXIMUM A/B, TIME DURATION 20-30 MINUTES

CRUISE IN AND SLOW DESCENT TO 18,000 FEET, 907 RPM

DESCENT IDLE - 85% RPM, INDICATED AIR SPEED OF 250 KNOTS, ALTITUDE
2000 FEET

APPROACH TO GCA INDICATED AIR SPEED OF 250 KNOTS, 95% RPM, 2-3
MINUTES

TOUCH AND GO 3-4 TIMES
BRAKE AND LAND

STORES - F14A 2 RACKS

Figure 1. F-14A Familiarization Mission Profile
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WARMUP 30 MINUTES, FULL A/B TAKEOFF 30 SECONDS

CLIMB AT MILITARY POWER TO 2000 FEET AND LEVEL OFF AT 325 KNOTS
INDICATED AIR SPEED, 2 MINUTES

CLIMB AT MILITARY POWER TO 15,000 FEET, MACH = .68, 5-10 MINUTES

RENDEZVOUS AND CRUISE OUT FOR 15 MINUTES, INSTRUMENT CRUISE FOR
15 MINUTES

LOITER FOR 15 MINUTES

TWO INSTRUMENT APPROACHES FOLLOWED BY TWO GCA's
TOUCH AND GO 4-5 TIMES

BRAKE AND LAND

STORES - CLEAN Fl4A

Figure 2, TF-14A Instruments Mission Profile
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WARMUP AT IDLE 30 MINUTES, TAKEOFF MILITARY POWER 30 SECONDS
CLIMB TO 600 FEET AND LEVEL OFF
LOITER IN PATTERN FOR APPROACH 3-4 MINUTES, 150 KNOTS

BRAKE AND DECELERATE FOR TOUCH AND GO, FREQUENT SMALL POWER LEVER
CHANGES

TOUCH AND GO AT MILITARY POWER 15 TIMES

STORES - F14A 1/2 FUEL LOAD
FULL FLAPS AND GEAR DOWN

Figure 3. F-14A Landing Practice Mission Profile
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WARMUP 30 MINUTES, TAKEOFF FULL A/B 30 SECONDS

CLIMB TO 2000 FEET, LEVEL OFF AT INDICATED AIR SPEED OF 325 KNOTS
FOR 2 MINUTES

CLIMB TO 35,000 FEET AT MILITARY POWER, M = .68, 5-10 MINUTES
RENDEZVOUS AND CRUISE OUT (COMBAT FORM) FOR 30 MINUTES AT 907
COMBAT BETWEEN 5000-35,000 FEET IN BASIC AIR MANEUVERS FOR 30
MINUTES, POWER RANGE FROM IDLE TO A/B AND INDICATED AIR SPEED OF
450~500 KNOTS

CLIMB BACK TO 35,000 FEET AT MILITARY POWER

CRUISE IN 25 MINUTES AT 907 RPM

IDLE DESCENT TO 11,000 FEET

CRUISE IN 5 MINUTES AT 807% RPM

IDLE DESCENT TO GCA, INDICATED AIR SPEED 150 KNOTS

LAND

STORES ~ CLEAN F14A

Figure 4. F-14A Air Combat Mission Profile
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30 MINUTES WARMUP, MAXIMUM A/B TAKEQFF

CLIMB TO 2000 FEET LEVEL OFF AT INDICATED AIR SPEED OF 325 IKNOTS
FOR 2 MINUTES AT MILITARY POWER

CLIMB TO 20000 FEET AT MILITARY POWER, MACH = .68, 5-10 MINUTES
DURATION

CRUISE OUT (COMBAT FORMATION) 9u. POWER LEVER ANGLE, 2500 POUNDS/HOUR,
25 MINUTES DURATION

COMBAT (GUNNERY), INDICATED AIR SPEED OF 200-500 KNOTS, IDLE TO
MAXIMUM A/B 8-10 TIMES, 15-30 CHANGES IN POWER LEVER ANGLE, BETWEEN
10,000-25,000 FEET 207% BANNER, 807% DART

CLIMB BACK TO 20,000 FEET AND LEVEL OFF AT INDICATED AIR SPEED OF
325 KNOTS, 3000 POUNDS/HOUR

CRUISE IN 15-20 MINUTES AT 907 POWER LEVER ANGLE
IDLE DESCENT TO 11,000 FEET

CRUISE IN 2-3 MINUTES AT 807% POWER LEVER ANGLE INDICATED AIR SPEED
OF 250 KNOTS

IDLE DESCENT TO GROUND CONTROL APPROACH (GCA), INDICATED AIR SPEED
150 KNOTS

BRAKE AND LAND

STORES - CLEAN Fl4A

Figure 5. F-14A Conventional Weapons Mission Profile
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30 MINUTES WARMUP, MAXIMUM A/B TAKEOFF

CLIMB TO 2000 FEET LEVEL OFF AT INDICATED AIR SPEED OF 325 KNOTS
3000 POUNDS/HOUR FOR APPROXIMATELY 2 MINUTES

CLIMB TO 30,000 FEET AT MILITARY POWER, M = .68, 5-10 MINUTES
CRUISE (COMBAT FORMATION) AT 20,000-40,000 FEET, 90% RPM, 10 MINUTES

INTERCEPTS 10,000-30,000 FEET, IDLE - MAXIMUM A/B, 20 MINUTES
(HIGH, LOW, AND JINKING BOGIES)

CLIMB BACK TO 18,500 FEET AND LEVEL OFF, 3000 POUNDS/HOUR
CRUISE-IN AT 907 RPM, 15-20 MINUTES
IDLE DESCENT TO 11,000 FEET

CRUISE-IN AT 80% RPM, INDICATED AIR SPEED OF 250 KNOTS, 2500
POUNDS/HOUR

IDLE DESCENT TO GCA, INDICATED AIR SPEED 150 KNOTS
BRAKE AND LAND

STORES - F14A, 2 RACKS, 1 PRACTICE MISSILE

Figure 6. F-14A Intercept Mission Profile

14
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WARMUP 30 MINUTES, TAKEOFF MAX A/B 30 SECONDS

CLIMB STAGGARED TO 2000 THEN TO 35,000 FEET AT MILITARY POWER WITH AN
INDICATED AIRSPEED OF 325 KNOTS

DASH OUT AT MACH 1.6 FOR ENGINE PERFORMANCE CHECK AT MAX A/B

BASIC MANEUVERS FROM 10-20,000 FEET TO CYCLE ENGINE THROUGH POWER RANGES
CRUISE IN AT 807 RPM TO BASE AT LOW ALTITUDE

TOUCH AND GO SEVERAL TIMES TO A FINAL APPROACH

LAND WITH SEVERAL MINUTES GROUND IDLE

STORES - CLEAN F14A

Figure 7. F-14A Post Maintenance Check Flight
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Air to Air Combat Training Areas YMear Virginia
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NAS MIRAMAR

Figure 9. Air to Air Combat Training Areas Near S. California
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